The present work describes the tolerance of five potential probiotic Bacillus species towards acid and bile in human gastrointestinal tract by in-vitro studies. Artificial gastric and intestinal juice was prepared and adjusted to different pH values for acid and bile tolerance study. A time course analysis up to 4 hours was studied with respect to viability. There was a statistically significant growth response of isolates under high acidic conditions (p < 0.05) as confirmed by ANOVA test. Bacillus VS-5 was found to be the best with 98.78% survival rate for 3 hours exposure to pH 1.2 and 98.10% to 2% bile concentration when exposed for 4 hours. Considering the residence time of food in stomach and intestine, this isolate proves to have an advantage of surviving and also proliferating in the intestinal tract, which is a desirable characteristic of probiotic cultures.
Introduction
Probiotics are live microorganisms which give health benefits to the host when administered in adequate amounts [1] . Industrial interest in foods, especially dairy products, containing probiotic strains has increased due to the knowledge of the benefits for bowel health and immunity. The food industry has been constantly looking out for new probiotic strains which would have a longer shelf life as well as more acid and bile tolerance. Probiotic bacteria are only transient in the intestinal tract and do not become permanent microflora of the host intestine. Hence they have to be regularly ingested in appropriate quantities to exhibit their positive effects [2] .
Like Lactic acid bacteria, some species of the genus Bacillus, such as B. subtilis, B. licheniformis and B. coagulansare generally recognised as safe 'GRAS' bacteria in the food industry [3] . The genus Bacillus is a diverse group of Gram-positive, facultative anaerobic, endosporeforming bacteria and found extensively in nature. Due to the ability to produce endospores Bacillus survives extreme environmental conditions, including the ones it may encounter during food processing [4] .
According to Guidelines approved by ICMR for evaluation of probiotics in food, in vitro tests to screen potential probiotic strains should essentially include resistance to gastric acidity and bile tolerance [5] .
To be optimally functional, it is important that the probiotic strains should be viable during their transit to the gastrointestinal tract. After intake, these bacteria must therefore overcome two main biological barriers, the acidic environment of the stomach and bile secreted in the duodenum [6] . To make sure that they survive their passage through the gastrointestinal tract, prospective probiotic strains are screened for their tolerance to acid pH and bile. Different in vitro techniques have been used for this purpose [7] [8] [9] [10] . In general, tolerance of non-indigenous organisms to gastrointestinal conditions is low. Hence methods including stress adaptation mechanisms of probiotic bacteria are being explored as possible approaches for studying their acid and bile resistance.
Bile which enters the duodenum of the small intestine reduces the survival of bacteria. This is because bacterial cell membranes, made up of lipids and fatty acids, are sensitive to destruction by bile salts [11] .
The present study compares the transit tolerance of five Bacillus species under artificially prepared gastric and intestinal conditions in-vitro. Statistical significance of the growth response of isolates at different pH values was studied. A time course study to mimic gastric and intestinal residence time was also done to evaluate sustenance of isolates under such environments.
Materials and Methods
Five Bacillus species PL-2, VS-5, WBS-1, ATS and AVS, isolated from soil samples and having potential probiotic attributes like antibacterial activity against some gastrointestinal pathogens, synthesizing extracellular digestive enzymes and non-haemolytic nature were selected for the present study [12] Acid tolerance test: Artificial gastric juice was prepared to mimic stomach conditions. [13] , adjusted to pH 1.2, 2.0, 3.0, 4.0 and 7.0 using 1M HCl and sterilized. Pepsin solution which was filter sterilized was added at a final concentration of 4mg% gastric juice. The tubes were inoculated with test Bacillus cultures (10 9 cells/ml), incubated at 37 0 C and viable counts carried out at hourly intervals for up to 3 hours of exposure.
Bile tolerance test:
Stock solution of 5% sodium deoxycholate and 5% sodium taurocholate was prepared and filter sterilized. Bile salt solutions of 0.5%, 1.0%, 1.5% and 2% concentration were prepared by mixing the two salts and using the diluent prepared as follows 5.0 g of NaCl, 0.6 g of KCl, 03 g of CaCl 2 in 1 mole /L NaHCO3, adjusted to pH 8 and autoclaved at 15psi for 15 minutes. Solutions were inoculated with test culture (10 9 cells/ml), incubated at 37 0 C and viable counts carried out at hourly intervals, for 4 hours [14] .
The isolates were compared for their acid and bile tolerance using graphs, calculating their percentage survival and statistically using the SPSS (version 20) tool.
The percentage survival of the bacteria was calculated as follows [15] 
Results and Discussion

Acid tolerance test
The results of ANOVA revealed that there was a significant difference in the mean counts of the five Bacillus species at acidic pH of 1.2, 2 and 3. (p=0.000001, 0.003 and 0.028 respectively). However at pH 4 and 7 there was no significant difference (p= 0.084 and 0.06 respectively). Thus when exposed to high acidic environments, there is a significant statistical difference in the growth response of the five test cultures. In low acidic conditions however, the difference in growth response of cultures may not be statistically significant.
To survive passage through the stomach and small intestine, probiotic strains must tolerate the acidic and protease-rich conditions of the stomach. Acid tolerance is also important for the survival of probiotics in food.
[16] The isolate VS-5, at a pH of 1.2, showed 98 to 100% survival rates at all the pH values when exposed for 3 hours. It is therefore concluded that isolate VS-5 is the most acid tolerant among the 5 isolates, followed by WBS-1, PL-2, ATS, and AVS which tolerated acidic pH in the simulated gastric juice in the decreasing order.
Bile tolerance test
Results of ANOVA suggest that there is no significant difference in the means of counts ofthe five Bacillus species at bile concentration of 0.5%. (p=0.356). However at bile concentration of 1%, 1.5% and 2% there was a significant difference in the means of counts of test cultures. (p= 0.000, 0.000001 and 0.000 respectively). Thus at higher bile salt concentrations the response in growth of test cultures was statistically significant.
Bile salt tolerance was studied for up to 4 hours as the mean transit time of food through the intestinal tract is found to be 4 hours [17] .
Figure 2: Bile tolerance of isolates at different concentrations
In-vitro tests to determine the inhibitory effect of bile salts on probiotic bacteria can be used to select the best strains on a relative basis 
Conclusion
Transit tolerance and survival of Bacillus probiotic cultures in acidic environment of stomach is pH dependent. When exposed to high acidic environments, there is a significant statistical difference the growth response. In low acidic conditions however, the difference in growth response of cultures may not be statistically significant.
Transit bile tolerance under simulated intestinal conditions is dependent on bile salt concentration. At higher bile salt concentrations the response in growth of test cultures was statistically significant. Among the five tested isolates, VS-5 proved to be tolerating the transit conditions best; suggesting that it could be considered as a novel probiotic candidate for human use.
